Abstract The health risks of tobacco consumption are well established, but there is less awareness of the global environmental impacts of smoking. The by-products of the 6.3 trillion cigarettes smoked annually are filters (butts) that contain benzene, nicotine, cadmium, and dozens of other chemicals. It is estimated that between one-and twothirds of all filters are discarded on roads, pavements, and green spaces. Butt litter as an environmental and public health hazard is a relatively new field of study, but recent research and findings have clear global implications. While this article focuses specifically on the situation in Australia, where cigarette butts are consistently the most littered item identified in national clean-up campaigns, the material reviewed has clear international environmental implications. The article first reviews existing literature on filter composition and toxicology, clean-up costs, regulatory response, and key policy actors. It then describes the scale of the butt litter problem in Australia using existing data, and analyses potential remedies at both the domestic and international levels.
INTRODUCTION
The health risks of tobacco consumption are well established. It kills an estimated 6 million people every year, a figure that will rise to 8 million by 2030, and will result in more than one billion deaths this century (Mathers and Loncar 2006; Jha 2009 ).
There is markedly less awareness of the environmental impacts of smoking, and research in this area has been largely focused on second-hand smoke exposure, responsible for an estimated 600 000 deaths among non-smokers (Ö berg et al. 2010 ). More broadly, there has been limited research into the environmental implications of the cigarette lifecycle: cultivation and curing, production, consumption, and post-consumption disposal . Increasing concerns regarding deforestation, use of pesticides and chemical fertilisers, the impacts of cigarette manufacturing and distribution, and disposal of tobacco product waste, however, have led to a growing interest among researchers whose work has clear international implications.
Tobacco product waste has until recently received the least attention, yet post-consumption rubbish produced by the approximately 6.3 trillion cigarettes smoked globally every year includes some 300 billion cigarette packs that produce an estimated 1 800 000 tonnes of waste paper, cellophane, foil and glue; and trillions of cigarette butts that are littered on roadways, pavements, and in parks and other green spaces (Novotny et al. 2009 .
Discussion of potential environmental impacts of discarded cigarette butts has, in some cases, met with scepticism or simple reductionism that focuses too narrowly on a single aspect of current research (Chapman 2016) . The reality, however, is that of the roughly 6 trillion cigarettes consumed annually, 75% of butts (4.5 trillion) are littered, equating to between 750 000 000 and one billion kilograms of non-biodegradable, cellulose acetate filters that are infused with benzene, nicotine, cadmium, and dozens of other chemicals drawn from the cigarette (Proctor 2012; Novotny and Slaughter 2014) .
Why smokers litter is an ongoing question for government, environmental non-government organisations (NGOs), and cigarette manufacturers in all countries. Surveys of United States (US) smokers in 2012 found that 74.1% had discarded cigarette butts at least once, and over half admitted to dropping them on the ground, or down a sewer or drain within the previous month (Rath et al. 2012) . These findings are in line with data from the United Kingdom and other US studies (Rath et al. 2012) , but the rationale for this behaviour is less clear. Cigarette butts are more likely to be littered than most other items due, most obviously, to personal burn risk, but also because smokers do not know what else to do with them, and to a distinction made by smokers between perceived acceptability of littering butts compared with other rubbish (Smith and Novotny 2011) . Tobacco industry analysis of smokers' attitudes revealed that smokers disliked cigarette butts whether in ashtrays or discarded, and were unenthusiastic about eco-friendly cigarettes, anti-litter campaigns, and portable or permanent ashtrays, leading industry analysts to the conclusion that the ''complex psychology of butt littering made difficult identifying any message that might change the behaviour'' (Smith and Novotny 2011) .
Discarded cigarette butts, until recently perceived primarily as an aesthetic concern, have been recently reframed as an economic and environmental issue (Novotny and Zhao 1999; Novotny et al. 2009 ). Recent related research has included analysis of filter composition, toxicology, and leachates; related costs of clean-up in urban settings, and of fires; as well as potential regulatory response and the strategies of key policy actors. While most research to date has been carried out in the US, much of it in California, discourse around related environmental impacts has relevance for all countries, reflected in an increasing awareness among parties to the World Health Organization's (WHO) Framework Convention on Tobacco Control (FCTC) (Javadian et al. 2015) .
For Australian researchers, concerns regarding ocean and coastline ecology, significant forest fire threat, cost of clean-up, and the role of policy actors in discussions around responsibility for the issue of cigarette butt disposal raised in research conducted in California is clearly relevant. While the smoking rate among Australian adults has dropped to a historic low of 14.7% (Australian Bureau of Statistics 2015), the approximately 2.6 million remaining smokers consume some 20 billion cigarettes per year and discard some 7 billion butts into the environment (Scollo and Winstanley 2015) , which has consistently made them the most littered item in the country over the past fifteen years (Clean Up Australia 2015) . This paper argues that the potential impacts of discarded cigarette butts in Australia have yet to be adequately assessed, and that related research conducted elsewhere provides useful guidelines. It first highlights the key issues through a review of the literature on related environmental and economic costs, regulatory proposals and key actors, and assesses existing research and data sources relevant to analysis of the situation in Australia. It then analyses potential legal and policy options that may provide direction for future response to the environmental impacts of butt litter, both in Australia and internationally.
DISCUSSION
Health claims, environmental impacts, and policy Cigarette filters are a mid-twentieth century innovation, originally created to keep loose tobacco out of smokers' mouths (Smith and Novotny 2011) . In 1950, less than 1% of cigarettes sold in the US were filtered, but subsequent publication of epidemiological studies that linked smoking to lung cancer led the tobacco industry to rethink cigarette design and to add filters (Warner 2002 However successfully tobacco companies have convinced consumers that they are now protected from dangerous chemicals in cigarettes, filters have no health benefits. Early results obtained from machine-based testing suggested reduced tar and nicotine inhalation, but mechanical measurement differs markedly from how smokers consume cigarettes. Ventilation holes in filters allow smoke to escape before entering testing machines, but these holes are covered by smokers' fingers, and it has also been demonstrated that smokers inhale more deeply to compensate for filtration (Kozlowski and O'Connor 2002) .
Filters are not only a health deception perpetrated by the tobacco industry, they have been associated with increased risk, given that the misplaced sense of security associated with smoking filtered cigarettes has almost certainly reduced health concerns, resulting in increased smoker initiation, and postponed quit attempts (Stratton et al. 2001; Warner 2002) . Filtered cigarettes also produce elevated levels of more-addictive free-base nicotine, and deeper inhalation by smokers has resulted in a shift in cancer diagnoses in which squamous cell carcinomas replaced by more aggressive adenocarcinoma as the most common form of lung cancer in much of the world (Brooks et al. 2005; Ito et al. 2011) .
Environmental concerns
Discarded cigarette filters contain residue from chemicals used in tobacco cultivation and cigarette production, including pesticides, herbicides, insecticides, fungicides, rodenticides, arsenic, nicotine, polycyclic aromatic hydrocarbons, and heavy metals (Moerman and Potts 2011; Slaughter et al. 2011) . Cellulose acetate filters are photodegradable but not biodegradable, meaning the source material eventually becomes diluted in water and soil (Novotny et al. 2009) . A 2009 study found that discarded filters eluted nicotine; arsenic; heavy metals including lead, copper, chromium and cadmium; and polycyclic aromatic hydrocarbons (PAHs) (Moriwaki et al. 2009 ). Arsenic, cadmium, and lead are included on the WHO's list of 10 chemicals of major public health concern (WHO 2016), while PAHs are carcinogenic, mutagenic, and teratogenic and the US Environmental Protection Agency (EPA) has designated 16 PAHs as priority pollutants (US EPA 2016). These findings were confirmed by Moerman and Potts (2011) who described cigarette litter as a point source for metal contamination, including aluminium, barium, cadmium, chromium, copper, iron, lead, manganese, nickel, strontium, titanium, and zinc.
The environmental health impact of chemicals leached into soil and water from cigarette butts is still to be quantified. However, the volume of filters discarded into the environment (e.g. Ocean Conservancy 2015), and identification of residual wastes from medicines, pesticides, and plastic microbeads used in cosmetics in water sources suggests that filter leachates may affect the quality of drinking water, constitute an environmental contaminant, and result in bioaccumulation in the food chain that could pose a human health hazard ). Register's (2000) analysis of the freshwater daphnid (water flea), Daphnia magna, was the first in-depth analysis of the toxicological impacts of cigarette butt waste. Daphnids placed in a test solution of cigarette butts in distilled, deionised water, using the US EPA's 1996 standardised aquatic invertebrate acute toxicity test, revealed a ''biohazard to the water flea at concentrations of more than 0.125 butts per litre, or about one butt per two gallons [7.57 L] of water'' (Register 2000) . While acknowledging that the precise level of real-world exposure of Daphnia magna to cigarette butt leachates was yet to be determined, Register argued that the results nonetheless ''reveal relevant patterns'' of exposure. Subsequent analysis has included studies of Vibrio fischeri (a gram-negative bacterium found in marine environments) and Ceriodaphnia cf. dubia (a freshwater flea) by Micevska et al. (2006) , which found varying levels of sensitivity to cigarette butt leachates between the two organisms, that nicotine and ethylphenol were the primary toxicological compounds, and that different cigarette brands created different levels of toxicity.
Studies of larger species have returned similar results. Slaughter et al. (2011) compared the impacts of leachates from unsmoked cigarette filters containing no tobacco, smoked cigarette filters containing no tobacco, and smoked cigarette butts consisting of smoked filters and tobacco, on marine topsmelt (Atherinops affinis) and freshwater fathead minnow (Pimephales promelas). Like Register, Slaughter and colleagues used a US EPA standard acute bioassay, and found that all three types of cigarette waste were acutely toxic to marine and freshwater fish, that remnant tobacco contributes to ''a degree of toxicity above that which was conferred by the smoked filter alone'', and that smoking increased the toxicity of cigarette filters (Slaughter et al. 2011) .
More recently, researchers in Taiwan reported that embryos of medaka (also known as the Japanese rice fish, Oryzias latipes) exposed to low concentrations of leachates from unignited tobacco and filters showed elevated heart rates and accelerated development, while high concentrations resulted in lowered heart rate, suppressed development, and increased mortality (Lee and Lee 2015) . Research conducted into the impact of filter leachates on tide pool snails in Australia found a 100% mortality rate among all species subjected to leachate concentration from five cigarette butts per litre soaked for 2 h, after eight days. Lower concentrations led to species-specific differences in mortality (Booth et al. 2015) . Roder Green et al. (2014) measured toxicological impacts of cigarette butt leachate in urban water supplies in Berlin and found that each discarded cigarette butt has the potential to ''release nicotine in concentrations higher than the threshold value of hazardous and toxic waste defined by the European Union'', thus posing a significant threat to urban waterways.
Economic costs
While a comprehensive analysis of the costs of tobacco product waste clean-up has not been done, estimates and small-scale studies point to a significant investment that is borne, for the most part, by municipal-level governments. Litter clean-up in the US costs USD 11 billion annually (Keep America Beautiful 2010), and cigarette butts comprise an estimated 25-50% of all litter items collected (Healton et al. 2011) . Analysis of the direct cost of butt litter clean-up in San Francisco by Schneider et al. (2011) , based on street sweeping and sewage treatment plant filtration systems costs, found the total 'recoverable' annual cost of butt litter across the city to be approximately USD 6.5 million.
Further economic cost, and significant loss of life, is caused by residential and wild fires. While the number of home structure fires caused by smoking in the US has dropped significantly in the past 35 years (Hall Jr. 2013) , it remains the third most common cause of residential fire resulting in fatality. In 2014, smoking-related fires accounted for 325 deaths and 775 injuries at an estimated cost of slightly less than USD 230 million (US Fire Administration 2016).
Response and policy actors
The tobacco industry has been concerned for more than three decades that aesthetic and environmental concerns related to cigarette butt litter could contribute to the growing social unacceptability of smoking, advocacy action by tobacco control and environmental organisations, and regulation that holds cigarette manufacturers responsible for litter disposal (Smith and Novotny 2011) . Just as it has refused to accept responsibility for smoking-related diseases, tobacco industry response to butt litter has been to shift responsibility for cigarette disposal onto smokers.
The release of the previously confidential tobacco industry documents, the result of litigation in the US since 1998, has provided valuable insights into a range of industry activities (MacKenzie and Holden 2016). The more than 88 000 000 pages in 14 618 911 documents publicly available online as of August 2016 (University of California, San Francisco. Library 2016) reveal what has been described as ''the dishonest and starkly cynical nature'' of transnational tobacco companies (Blanke 2002) . The documents are remarkably diverse in content and format, and include industry discussions on growing environmental concerns about discarded butts among consumers and policymakers (Novotny et al. 2009 ).
Analysis of the documents by Smith and McDaniel (2011) demonstrates that the strategies of leading cigarette manufacturers have been to prevent butt litter becoming part of discussion around social acceptability of smoking; to avoid regulation; and to ''ensure that cigarette manufacturers were not held practically or financially responsible for cigarette litter''. The industry has also recognised, however, that shifting responsibility wholly onto smokers runs the risk of alienating customers, while ignoring the problem would imply indifference, which could have negative public relations impacts. Efforts to create an image of industry concern have included smoker education, installation of street disposal bins, supplying personal ashtrays, and developing alliances with and providing financial support to environmental organisations including Keep America Beautiful.
Research into anti-litter partnerships between Keep America Beautiful, other environmental groups, and leading manufacturers British American Tobacco (BAT), Philip Morris (PM), and RJ Reynolds (RJR) reveals that they generated media coverage that focused on industry-preferred solutions such as volunteer clean-up campaigns and installation of street ashtrays. It was also found that reports mentioning Keep America Beautiful's participation were more often positive in their reporting of the tobacco industry, despite partnership initiatives achieving no significant change in levels of discarded cigarette butts (Smith and McDaniel 2011) . Similar alliances have been established in other countries. The United Kingdom Tobacco Manufacturers Association, which represents BAT, Gallaher, and Imperial Tobacco, has established close links with Keep Britain Tidy (Rath et al. 2012) , while Keep America Beautiful has affiliates in the Bahamas, Bermuda, Canada, South Africa, and Australia that have, or previously had, links with the tobacco industry (Smith and McDaniel 2011) .
Potential implications for environmental organisations of such associations and benefits for the tobacco industry are examined in McDaniel and Malone's (2012) analysis of BAT's partnership with the United Kingdom-based Earthwatch Europe, a conservation science NGO. Their findings indicate that BAT joined Earthwatch's Corporate Environmental Responsibility Group in 1990 and in 1998 approached the organisation with a proposal to establish a more formal relationship. Following internal discussions of the ethical implications of working with a leading cigarette manufacturer, Earthwatch accepted BAT's proposal based on ''a narrow view of its own overall organizational mission'' (McDaniel and Malone 2012), and delayed making the arrangement public to protect its reputation.
Earthwatch did, however, promote the partnership with policymakers and within the NGO community in return for approximately £100 000 annually in financial support from BAT between 1999 and 2010. The alliance, the authors argue, demonstrates the ability of tobacco companies to use NGOs, including those involved in seemingly unrelated areas of advocacy, to advance tobacco industry interests (McDaniel and Malone 2012 ). This appears to remain the case despite BAT's financial support of Earthwatch later being made public (Earthwatch 2016).
The company's ability to subsequently expand its links to conservancy organisations is demonstrated by the British American Tobacco Biodiversity Partnership (2011) which, as well as the Earthwatch Institute, included Fauna & Flora International and the Tropical Biology Association during its operation from 2001 to 2015. Beyond corporate promotion (British American Tobacco Biodiversity Partnership 2011), the partnership also generated positive coverage in a leading United Kingdom daily newspaper that portrayed BAT as ''the only international company to have assessed biodiversity risks across all operations and so built a strategy to tackle key issues worldwide'' (Beavis 2011) .
Such alliances are important examples of broader tobacco industry corporate social responsibility strategies. Given rates of mortality and morbidity caused by smoking, the concept of socially responsible cigarette manufacturers is considered by many as inherently contradictory (WHO Tobacco Free Initiative 2003; McDaniel and Malone 2012) . Palazzo and Richter (2005) , however, distinguish between transformational corporate social responsibility, in which a corporation ''demonstrates that it is willing to transcend self-interest for the sake of the common good'', and a transactional approach in which corporations publicise their compliance with legal and moral obligations, and make claims of fair and consistent behaviour. This second approach, they argue, remains available to the tobacco industry, but as Fooks and Gilmore (2013) have shown in their analysis of BAT, corporate social responsibility initiatives can be used effectively to counteract criticism, and to influence the tobacco control agenda by pre-empting legislation.
Proposals for regulation and policy
In 1999, Novotny and Zhao proposed a series of measures to deal with butt waste: improved enforcement of existing litter laws; additional taxes on tobacco products to be used for environmental clean-up of production and consumption waste; provision of disposal facilities outside worksites and public buildings; and improved biodegradability of filters (Novotny and Zhao 1999) . Subsequent analysis of tobacco industry strategies revealed by the release of the industry documents has resulted in potential remedies that more explicitly place the onus for dealing with cigarette waste onto cigarette manufacturers. Smith and McDaniel (2011) , for example, argue that the issue of discarded cigarette butts should be reframed as one of waste versus litter. Litter, they argue, makes the problem one of disposal; waste, conversely, redirects the focus of responsibility to the producer.
Witkowski's (2014) assessment of possible legal remedies in the US concludes that governments could utilise public nuisance law, which rests on the premise of the right to not be subjected to annoyance or inconvenience that interferes with common public rights. In this case, the public right is to be free of unsightly accumulations of discarded cigarette butts, and of inappropriately disposed toxic materials. Other suggested approaches include the use of state-level hazardous waste law, and product liability law based on the negligent design of cigarette filters and the failure of tobacco companies to warn smokers of associated environmental risks (Witkowski 2014) . Freiberg (2014) argues for pre-emptive legislation, rather than litigation, citing bills introduced in California in 2014 to ban the sale or distribution of any cigarette containing a single-use filter (California State Assembly Democratic Caucus 2014), and in Maryland in 2013 to prohibit non-biodegradable cigarette filters. While both were defeated, these bills raised the profile of the issue and may represent a future way forward. Freiberg also raises the potential of more specific proposals, in particular a ban on all products containing the chemical bisphenol-A (BPA), including cigarette filters and a range of other consumer products, or application of existing restrictions on products containing pesticide and harmful chemical residue. He notes that a number of states have passed laws similar in intent, such as Maine which has restricted the use of Ethylenebis (dithiocarbamate) pesticides which are probable carcinogens (Freiberg 2014) .
Increasingly, discussion of regulation has focused on 'Product Stewardship' and 'Extended Producer Responsibility' (EPR). Product Stewardship initiatives typically include the consumer and retailer as parties subject to regulation. EPR, described by Lindhqvist (2000) as a ''protection strategy to reach an environmental objective of a decreased total environmental impact from a product, by making the producer of the product responsible for the entire life cycle of the product, and especially for the takeback, recycling and final disposal of the product'', explicitly puts the onus of waste management of products on the manufacturer.
Barnes' (2011) review of EPR regulation in the US found that 32 states had enacted laws covering consumer products including automobile parts, mobile phones, mercury thermostats, paint, and pesticide containers that could serve as models for legislation on cigarette waste. However, existing EPR regulation varies, so that while disposal of new car batteries and tyres are the responsibility of the retailer, most other waste is the responsibility of the consumer. He also notes that enactment of effective EPR regulation requiring cigarette manufacturers to implement solutions for collection, transportation, and safe disposal of discarded cigarette butts would remove the economic and administrative burden from state and local government. Curtis et al. (2014) recommended regulation that combines aspects of EPR, Product Stewardship, the Polluter Pays Principle, and the Precautionary Principle. Specific measures would include bans on single-use filters, product labelling, litigation against the tobacco industry, and waste and litter fees. Following Barnes (2011) , the authors cite the precedent making retailers responsible for post-consumer disposal of car tyres and batteries. This multifaceted approach would ''prevent, reduce and mitigate [tobacco product waste's] environmental effects'' by sharing responsibility for waste across the lifecycle of the product and shifting the economic costs of clean-up to the producers of the toxic product, in this case the tobacco companies (Curtis et al. 2014 ).
At the international policy level, the scale of butt littering has led to a growing awareness of associated problems among parties to the WHO's Framework Convention on Tobacco Control (FCTC) (Javadian et al. 2015) . Novotny et al. (2015) have recommended that relevant Articles of the FCTC, particularly Article 18 Protection of the environment and health of persons, be brought to bear. The underlying tenet of the FCTC, to challenge the tobacco industry and its vested interests, they argue, can be used to support prohibition of single-use filters; litigation and economic interventions aimed at recovery of costs of industry misconduct and environmental damages; and to ''innovate, improve and enforce new and existing environmental regulations and agreements'' that apply to all stages of tobacco production and post-consumption waste .
While significant regulation is yet to be enacted, potential industry response can be gauged by its reaction to San Francisco's imposition of a waste clean-up levy fee of US $0.20 per pack on cigarettes sold in the city. Freiberg (2014) describes the tobacco industry's unsuccessful legal challenge to the regulation on the grounds that it represented an unauthorised tax, and by its significant financial support of California's Proposition 26, a state initiative aimed at limiting the ability of local jurisdictions to adopt similar measures (Ballotpedia 2010) . Philip Morris, for instance, contributed USD 1.75 million to ''Stop Hidden Taxes'', a 'front group' funded by alcohol, tobacco, oil, and business interests to support the passage of Proposition 26.
Australia
Despite declining smoking rates, 20 billion cigarettes are consumed annually in Australia, resulting in an estimated 7 billion cigarette butts being discarded into the environment (Scollo and Winstanley 2015) . Cigarette butts were the most frequently identified litter item in 2014-2015, at 22 butts per 1000 m 2 (Keep Australia Beautiful 2015) . Street cleaners in Sydney, the country's largest city, collect a reported 15 000 cigarette butts each day, or nearly 5. Previous research indicates that tobacco industry efforts to influence the policy debate around litter and responsibility, described above, have extended to Australia (Smith and McDaniel 2011) , and preliminary analysis of annual reports, submissions, and websites of Australian tobacco companies and environmental organisations provide further evidence of these links. One particularly explicit example is the Butt Littering Trust, established by British American Tobacco Australia (BATA) in 2003. Chapman's (2006) analysis of the Trust found that it focused on education campaigns, and that BATA start-up funding was AUD 2.8 million over four years.
BATA remains a key funder of the organisation (re- Other, ongoing partnerships and sponsorships between the Australian tobacco industry and KESAB are listed in other recent submissions and reports (BATA 2012; KESAB 2015a, b) . The effectiveness of these programmes was questioned by the New South Wales' Department of Environment and Conservation as early as 2006, in a report on extended producer responsibility which noted that the ''impact of current activities funded by cigarette manufacturers has not delivered a reduction in butt littering'' (New South Wales, Department of Environment and Conservation 2006).
Another potential research resource is the Australian Packaging Covenant, a voluntary agreement between government and industry launched in 1999 to find solutions to minimise the environmental impacts of packaging waste through improved design and production processes and increased re-use and recycling of used packaging (Australian Packaging Covenant 2011). BATA, Imperial Tobacco Australia, and Philip Morris Limited are among the more than 900 signatories to the agreement, and have submitted action plans and annual progress reports that highlight the need for education, butt disposal infrastructure and industry donations to KESAB (BATA 2015; Imperial Tobacco Australia 2015) . Reporting to the Australian Packaging Covenant also affords the industry corporate social responsibility opportunities. Philip Morris Limited, for example, emphasises that it does ''not classify cigarette butts as part of the packaging of tobacco products'' (Philip Morris Limited 2010).
The company has, however, used its annual reports to the Covenant to draw attention to its formation, with competitor companies, of the Tobacco Industry Product Stewardship initiative that in 2014 funded cigarette butt recycling projects with the Australia branch of the international recycling organisation Terracycle (Philip Morris Limited 2015) . Echoing schemes in other countries, Australians were invited to send collected butts using post-paid labels to Terracycle, which donated two cents (per kilogram of butts) to the school or charity of the donor's choice (Australian Manufacturing 2014; Terracycle 2014) . When industry funding was withdrawn without public explanation in December 2015, the 10.5 million butts that had been collected over the two years of the programme (Clean Up Australia 2016) represented an inconsequential proportion of the estimated 7 billion discarded into the environment annually.
The lesson arising from such associations between environmental groups and the tobacco industry for the tobacco control community and other advocacy groups, according to Smith and McDaniel (2011) , is to pursue alliances with groups founded on the key environmental principles 'reduce, reuse, recycle'. A useful practical starting point for researchers and advocates is the California Department of Public Health's Tobacco Product Waste Reduction Toolkit (Novotny 2013 ) which provides useful information on establishing partnerships, as well as related science, methods for estimating clean-up costs, developing policy response, and mounting advocacy campaigns.
CONCLUSION
Although evidence exists in Australia that highlights the potential impacts of discarded cigarette butts, there is a need for further research similar to that carried out elsewhere, particularly into toxicology, environmental impacts on extensive and biodiverse coastlines and wildlife, and the policy process.
Environmental organisations are the seemingly natural partners for the tobacco control community in pursuing such research initiatives, but evidence of relationships of some environmental groups with the tobacco industry makes identifying potential allies a complicated undertaking. Research into possible policy response will need to include the role of the tobacco industry. Analysis described above points to some of the resources that could be used in such research including tobacco industry documents, submissions to government agencies, annual reports and publicity released by cigarette manufacturers, and similar material produced by environmental groups. These resources constitute a potentially valuable source of information on tobacco industry strategies to direct policy discussions towards largely ineffective disposal infrastructure, public education programmes, and well-publicised clean-up events, often in conjunction with environmental NGOs.
Australia has a relatively small population and a low national smoking prevalence, yet approximately 7 billion cigarette butts are discarded into the environment every year. This not only suggests the scale and potential impacts of butt litter in countries with larger populations and much higher smoking rates, but also highlights the obvious international applications of the research directions outlined above.
